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Standards-based grading is being used increasingly in engineering courses in place of a 
traditional points-based grading system. Benefits of standards-based grading include clearly 
matching course assessments to the learning objectives and putting more focus on learning 
instead of grades. In specifications grading, students are given detailed requirements with all 
assignments, which are graded pass/fail. The course grade is based on the number of assignments 
successfully completed. As more undergraduate courses are offered in online or hybrid formats, 
there is little documentation of the use of standards-based grading or specifications grading in 
these course delivery methods in engineering. This work describes the implementation of 
standards-based specifications grading (SBSG) in a hybrid (approximately 80% online) 




Standards-based grading is being used more frequently in engineering courses [1], [2]. In a 
traditional grading scheme, the course grade is determined based on scores of individual 
assignments and exams, but in standards-based grading, the course grade is based on how many 
standards, or learning outcomes, the student has mastered. In standards-based grading, the 
learning outcomes are clear to the students and each assignment is aligned with one or more 
learning outcomes. 
 
Specifications grading [3] bears some similarity to contract grading [4]; however, instead of 
creating an individual contract for each student or having students commit to a particular grade at 
the start of the course, students are given specifications, or detailed requirements for successful 
completion, for each assignment or assessment. The work is then graded on a pass/fail basis. 
Higher course grades require passing a greater number of assignments or passing more 
challenging assignments. Students are typically allowed to revise and resubmit a small number of 
assignments that failed to meet the specifications. Some higher education instructors [5], [6] 
have preferred a four-level rubric [7] for some assessments instead of pass/fail. Others have 
given students an unlimited number of revisions of some assessments [6].  
 
While specifications grading is being used in a variety of disciplines [8]–[10], and there are an 
increasing number of online or hybrid engineering courses [11]–[19], there is little work on 
specifications grading used in online engineering courses. This paper will describe the 
implementation of standards-based specifications grading (SBSG) in a sophomore-level 
thermodynamics course, offered in a hybrid (approximately 80% online) format, in a mechanical 
engineering curriculum. 
 
Description of Course 
 
The course was offered in a hybrid format for the first time in the 2017 fall semester. The course 
was taught in a traditional in-person format in the 2016 fall semester by the same instructor using 
SBSG. The original plan for the hybrid course involved a face-to-face meeting approximately 
once every two weeks, for approximately two hours (one lecture hour and one recitation hour). 
However, the instructor found out a few months before the start of the course that she would be 
out of the country for most of the semester the hybrid course would be implemented. Therefore, 
some of the planned face-to-face meetings were replaced with proctored in-class quizzes during 
4 class sessions and more content was placed online. The students met with the instructor in 
person during the last two weeks of the semester. 
 
The course was delivered asynchronously through the Canvas learning management system [20] 
with Fundamentals of Engineering Thermodynamics by Moran et al. [21] as the required 
textbook and major source of course content. The course material was organized into 9 modules, 
with each module taking one to two weeks. The modules and topics within each module are 
listed in Table 1. Instruction for all but the last module was completely online, and the last 
module was a combination of online and in-person. 
 
 
Table 1: Course Organization 
Module Week Topic Quiz Mode 
Introduction 1 Closed System vs. Control Volume Online 
Property, State, Process Online 
Analyzing Closed Systems 2-3 Expansion/Compression Work In-person 
Closed System Energy Balance In-person 
Retrieving Property Data 4-5 Property Data Online 
Ideal Gas Law Online 
Analyzing Control Volumes 6-7 Steady-State Control Volume In-person 
Unsteady-State Control Volume In-person 
Thermodynamic Cycles 8-9 Cycle Performance Online 
Carnot Cycle Online 
Entropy Balance 10 Entropy Balance In-person 
Vapor Power Systems 11 Vapor Power System In-person 
Gas Power Systems 12-14 Otto, Diesel, Dual Cycles In-person 
Gas Turbine Power Cycle In-person 
Refrigeration & Heat Pump 
Systems 
15-16 Refrigeration & Heat Pump Cycles In-person 
 
 
The key topics of the course were split into 15 statements, each written in terms of what the 
student should be able to do. An example of these statements is “Analyze a closed system by 
applying energy balances and correctly applying sign conventions for work and heat transfer”. 
The full list is given in Appendix A. Each statement corresponded to one quiz. The quiz mode 
for each course topic is given in Table 1. 
 
Six quizzes were taken online. In each quiz attempt, a question was pulled from a question bank. 
The student completed the problem during the allotted time (up to 60 minutes for a more 
complex topic) and submitted their solution, typically by uploading a scanned copy of their 
handwritten work. After receiving feedback from the instructor, the student could attempt the 
quiz again. This cycle could be repeated as many times as the student wished, until they were 
happy with the quiz score or until the end of the course. 
 
The other nine quizzes were taken in class, either in the presence of a proctor or the course 
instructor. Students could retry in-class quizzes, with a different question on the same topic, 
during a later class period or by scheduling an appointment with the instructor outside of class 
time. Students could retry a quiz as often as they liked until the end of the course. Due to the 
instructor being away from campus most of the semester, quiz retry appointments were only 
allowed during the last three weeks of the semester. 
 
A design project [22] was assigned to groups of 3 students. Group assignments were made by the 
instructor. Each student group completed a report and gave a brief in-class presentation about 
their design. After receiving feedback, students had the opportunity to revise and resubmit the 
report, and revise the presentation. 
 
Quizzes and projects were graded using the four-level EMRN rubric [5], [6], based on the EMRF 
rubric [7]. Scores of “E” (excellent) and “M” (meets expectations) were passing. Scores of “R” 
(needs revision) and “N” (not assessable) were not passing. 
 
The course was structured in a flipped learning format, and students were expected to complete 
an assignment at the introduction of a new topic to prepare them for the online activities and the 
face-to-face class meetings. These Guided Practice assignments [23] typically involved reading 
assigned sections of the textbook, watching videos, and responding to questions. The instructor 
created some of these videos and used videos from other sources [24]. There were 14 of these 
assignments, typically one at the beginning of each week. An example of a Guided Practice 
assignment is given in Appendix B. 
 
Participation assignments were an opportunity to practice each of the course topics. One category 
of these assignments was a discussion, where the class was divided into groups of 3-5 students, 
who completed an assigned problem using the discussion forum feature of the course 
management system. Another assignment type was a peer review activity, in which each student 
submitted their solution to an assigned problem. Each student who submitted a solution on time 
was assigned to review a solution submitted by another student and provide feedback 
anonymously. The last type of Participation assignment involved students answering short 
problems. The responses were automatically graded by the course management system, and 
students received feedback about the correct solution. There were 44 Participation assignments, 
typically 3 or 4 each week. There were fewer of these assignments during the last two weeks of 
the course when the students met face-to-face with the instructor. 
 
Guided Practice and Participation assignments were graded either “Pass” or “No Pass”. A “Pass” 
score was earned if the assignment was submitted no later than 24 hours after the due date and if 
each question or problem had a response that reflected the student’s good-faith effort to be 
correct [25]. 
 
The final course grade was assigned based on how many assignments earned a passing score and 
how many “E” scores were earned on quizzes. Table 2 describes the requirements to earn a 
particular base letter grade (A, B, C, etc.). All requirements for a grade had to be met in order to 
earn that grade. A course grade of “F” was earned if the requirements for a “D” were not met. A 
grade checklist was also provided to students to help them track their progress. 
 
 
Table 2: Course Grade Requirements 
To earn 
this grade: 
Accomplish the following: 
A Earn passing scores on 15 quizzes, including at least 11 "E" scores, AND earn 
passing scores on project report and presentation. 
B Earn passing scores on 13 quizzes, including at least 7 "E" scores, AND earn 
passing scores on project report and presentation. 
C Earn passing scores on 11 quizzes (no "E" scores required), AND earn passing 
scores on project report and presentation. 
D Earn passing scores on 9 quizzes (no "E" scores required). 
 
 
A “plus” was added to the base grade (A+, B+, etc.) if a student earned "Pass" scores on at 
least 13 Guided Practice and at least 39 Participation assignments. A “minus” was added to the 
base grade (A-, B-, etc.) if a student earned "Pass" scores on fewer than 8 Guided Practice or on 
fewer than 25 Participation assignments. 
 
One significant change in the course design from 2016 to 2017 was a change in the number of 
standards from 33 to 15. Some standards were removed because they did not align with the 
course learning outcomes. One example of a standard that was removed is “Solve simple 
pressure measurement problems involving manometers and barometers”. Some standards were 
combined. For example, the standard “Sketch schematic diagrams and accompanying T–s 
diagrams of Rankine, reheat, and regenerative vapor power cycles” was incorporated into the 
standard “Apply conservation of mass and energy, the second law, and property data to 
determine power cycle performance”. 
 
Another major change was that some specific standards were required to be passed in order to 





All standards in the 2017 hybrid class (18 students) were also assessed in the 2016 traditional 
class (18 students). In the 2016 class, all quizzes took place during class time. In the 2017 class, 
nine quizzes occurred during class time, and six quizzes were administered online. The 
percentage of students who earned a passing score (“E” or “M”) on each standard was compared 
for the two classes. 
 
Figure 1 shows the percentage of students who earned a passing score on selected course 
assessments in the 2016 traditional class and the 2017 hybrid class. The nine topics presented 
here correspond to the nine proctored quizzes in the hybrid class. Four of the nine compared 
topics (closed system energy balance, steady-state control volume, entropy balance, and vapor 




Figure 1. Student performance on course assessments in the traditional (solid bars) and hybrid 
(dashed bars) classes. In the hybrid class, these quizzes were proctored and took place in class. 
 
 
Figure 2 shows the percentage of students who earned a passing score on selected course 
assessments in the 2016 traditional class and the 2017 hybrid class. The six topics presented here 
correspond to the six online quizzes in the hybrid class. Four of the six compared topics (closed 
system and control volume; property, state, process; property data; and cycle performance) were 
required to be passed in the 2016 class to earn a grade of “C” or better. 
 
Figure 3 shows the percentage of students who earned a passing score in the hybrid class after 
the first quiz attempt and after one or more retries. The nine topics presented here correspond to 
the nine proctored quizzes in the hybrid class. Two topics, expansion/compression work and 
closed system energy balance, had initial pass rates at or near 100%. All other topics had initial 
pass rates below 80%, including four topics with initial pass rates at or below 50% (steady-state 
control volume, unsteady-state control volume, vapor power system, and gas turbine power 
system). The topics with the largest percentage of students eventually passing a retry were 
steady-state control volume and unsteady-state control volume. 
 
Figure 2. Student performance on course assessments in the traditional (solid bars) and hybrid 
(dashed bars) classes. In the hybrid class, these quizzes were administered online. 
 
 
Figure 4 shows the percentage of students who earned a passing score in the hybrid class after 
the first quiz attempt and after one or more retries. The six topics presented here correspond to 
the six online quizzes in the hybrid class. Three topics (closed system and control volume; 
property, state, process; and cycle performance) had initial pass rates above 85%. All other 
topics had initial pass rates above 50%. Over 90% of the students had eventually passed each of 




The students were not surveyed specifically about the grading system or their perception of the 
hybrid course format. General student feedback was collected in two forms: the university end-
of-semester course evaluation and a midterm feedback questionnaire. Both were anonymous. 
 
Only 5 of the 18 students completed the midterm feedback questionnaire. No students 
commented specifically about the grading system, but one student liked the organization of the 
course. Three students noted difficulty with reading the textbook. One student thought there 
should be more examples. One student admitted having a difficult time learning online. 
 
 
Figure 3. Student performance on course assessments in the hybrid class after the first attempt 
(solid bars) and after one or more retries (dashed bars). 
 
 
Eight out of the 18 students completed the course evaluation at the end of the semester. Only 6 
comments to each of the open-response questions were submitted. Again, no students 
commented specifically about the grading system, but one student made a positive comment 
about the organization of the course. When asked what changes the instructor can make, 3 
students noted that they wished the course was not online, and 3 students requested more lectures 
or examples. When asked for additional comments, 2 students stated they would prefer that the 
class not be online, 2 students expressed having difficulties keeping up with the material, and 2 




This was the second time the instructor used SBSG in this course and the first time in the hybrid 
format. In the first time using SBSG, there were 33 key course topics or quizzes. In a 15-week 
course, this was more than 2 topics per week. The 15 topics assessed in the hybrid course was 
more manageable for the instructor and students. It is recommended to focus on only one topic or 
standard most weeks. 
 
 
Figure 4. Student performance on course assessments in the hybrid class after the first attempt 
(solid bars) and after one or more retries (dashed bars). 
 
 
In the 2016 course, 18 of the 33 quizzes required a passing score for the student to earn a course 
grade of “C” or better. This resulted in all students passing those 18 topics. However, some other 
topics had pass rates below 20%, including topics introduced during the later part of the course, 
such as Otto, Diesel, and dual cycles. In the 2017 course, passing scores on specific quizzes were 
not required for any course grade. This resulted in higher pass rates on topics covered toward the 
end of the course. 
 
Students were able to perform better on course assessments due to having opportunities for 
reassessment. There were a small number of students involved in this course and a low response 
rate on the student surveys. Additional research is needed to determine student perceptions of 
SBSG in this type of course. Future course preparation will involve revising portions of the 
course where quiz pass rates were low. Future work will involve surveying students on their 
perceptions of standards-based specifications grading to gain meaningful feedback due to the low 
course evaluation response rate. 
 
Appendix A: List of Quiz Topics 
 
1A. Distinguish between a closed system and a control volume (open system). 
1B. Explain the following concepts in your own words: property, state, and process. 
2A. Evaluate expansion or compression work. 
2B. Analyze a closed system by applying energy balances and correctly applying sign 
conventions for work and heat transfer. 
3A. Retrieve property data such as specific volume and specific enthalpy from tables, using 
linear interpolation when necessary. 
3B. Apply the ideal gas model for thermodynamic analysis. 
4A. Apply an energy balance to a control volume at steady state, using appropriate assumptions 
and property data. 
4B. Apply mass and energy balances for control volumes not at steady state, using appropriate 
assumptions and property data. 
5A. Evaluate the performance of power cycles and refrigeration and heat pump cycles using 
corollaries of the second law. 
5B. Solve problems involving Carnot cycle applications of the second law. 
6. Apply entropy balances in the analysis of closed systems and control volumes. 
7. Apply conservation of mass and energy, the second law, and property data to determine 
power cycle performance. 
8A. Apply conservation energy, the second law, and property data to determine Otto, Diesel, 
and dual cycle performance. 
8B. Apply conservation of mass and energy, the second law, and property data to determine gas 
turbine power cycle performance. 
9. Apply conservation energy, the second law, and property data to determine the 
performance of vapor-compression refrigeration and heat pump cycles. 
 
Appendix B: Example Guided Practice Assignment [21], [23]  
 
This assignment with help you achieve the following outcome: Analyze a closed system by 
applying energy balances and correctly applying sign conventions for work and heat transfer. 
 
Learning Objectives 
BASIC Learning Objectives 
You will be responsible for learning and demonstrating proficiency in the following objective 
PRIOR to group work activities. 
• Apply the correct sign convention for heat and work. 
 
ADVANCED Learning Objectives 
The following objectives should be mastered by you DURING and FOLLOWING the group 
activities in this module through active work and practice. 
• Draw a schematic for a closed system and label it with the given information. 




Read Ch. 2.3-2.5 (pages 55-72) in the textbook. Pay attention to the following: 
• Sign convention for heat transfer 
• Equation 2.35b (closed system energy balance equation) 
• Example 2.2 
 
Exercises 
These exercises can be done during or after your reading. They are intended to help you make 
examples of the concepts you are reading. Work these out on scratch paper, and then you will be 
asked to submit the results at the end. 
1. Why is it incorrect to say that a system contains heat? 
2. For a process in a closed system, Q = –10 Btu, ΔE = 20 Btu. Determine W. Is it work done 
by the system or on the system? 
3. For a process in a closed system, ΔU = –500 Btu, ΔKE = 0 Btu, ΔPE = 50 Btu, and W = 500 
Btu. Determine Q. Is it heat transfer from the system or to the system? 
4. What is something that you found to be difficult or unclear in the reading assignment? If you 
have no questions about the reading, what is something you found interesting or surprising? 
 
Submission Instructions 
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